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In a previous paper (1), variations in the
in vitro oxygen uptake by cattle skin slices
were shown to be associated with certain de-
tails of technic, as well as with the experi-
mental animal itself. The animal factors con-
sidered then were those of body region, body
weight, breed, coat type and sampling time. It
is the purpose of the present communication
to extend the examination of the animal fac-
tors to include those of age, nutrition, season
and sex. Further observations on diurnal, day
to day, and regional variations are also re-
ported.
Animalu
Steers were used in all cases, except that the
sex comparison experiment also contained 6 heif-
ers. The details regarding the experimental ani-
mals are given in Table 1.
Nutrition
The animals on pasture were subject to some
nutritional stress in view of the abnormally dry
conditions experienced (Fig. 1) during the time
when most of these experiments were carried ont.
The animals in stalls were group-fed twice a day(S a.m. and 4 p.m.), the daily ration being 6.4
kg (high plane) lucerne hay, or 9.0 kg (low plane)
native hay per head, as described in more detail
elsewhere (2).
Sampling Technic, Preparation of Slices
and Manome try
A standardized procedure described previously
(1) was strictly adhered to. As before, the back
lumbar region was generally used for sampling, ex-
cept where specifically stated to the contrary.
When repeated sampling was undertaken, sites
from alternate sides were used. In the diurnal cx-
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periment, incubation in the manometers was car-
ried out for only 3, instead of the usual 4 hours.
Experimental Design
(a) Age and seasonal effects. Six grazing ani-
mals (Table 1) were sampled on 16 occasions for
a period of two years from December 1964 to
December 1966 (Table 3). The sampling pattern
consisted essentially of taking two biopsy samples
a month apart on alternate sides, followed by a
rest period of two months, and then repeating the
process. As a result, two samples were generally
obtained in each season for two consecutive
years. Twelve stalled steers used in the long term
nutrition experiment (Table 1) were sampled ac-
cording to the schedule described later (Table 2
and section g). Briefly, the design was such that
all animals were sampled on one of two consecu-
tive days in any one of the sixteen four-week pe-
riods (Table 4).
Meteorological conditions during both the graz-
ing and yarded trials are given in Figure 1.
(b) Sex effect. The above group of 6 grazing
steers was also compared with 6 heifers (Table 1)
during the S sampling periods in 1965 (Table 3).
The animals were brought in from a more distant
paddock, and sampling was then carried out over
two consecutive days. Members of the one sex
were sampled on the one day. The sex which hap-
pened to be sampled on the first day, was then
selected for samphng on the second day in the
following experiment, one or two months later.
Biopsies were taken from the same sides of the
animals of both sexes in the one month, and next
time the opposite sides were sampled in both
sexes.
(a) Day to day effect. Two separate series of
experiments were undertaken. In the first, the
effect of sampling the same animals on 3 consecu-
tive days was studied, while in the second series,
groups of animals were sampled on a number of
occasions, but only once on any one of 2 consecu-
tive days.
Six steers on a high quality diet (Table 1) were
sampled at 9 n.m. on three consecutive days in
January 1966. In this instance, the rump was
sampled, so as not to interfere with the long term
nutrition experiment. The left side was sampled
on the first and last day, and the right side on
the second day.
In the sex comparison and the long term nutri-
tion experiment (Table 1) twelve head of cattle
were used. For technical reasons it was possible
to sample only six animals per day, and the cx-
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TABLE 1
Particulars of experimental animals nsed
Breeda Number of Sex Generationb Nutrutionb
P
H & L
H & L
Age (Months)
start end
12 36
15 30
15 30
n'r
3
4 & 9
4 & 9
Age & season A X Brite
Brah>< fid
Britd
6
4
8
M
M
M
F3
Fl
—
Sex A X Brite
A X Brite
6
6
M
F
F3
F3
P
P
15
15
25
25
3
3
Day to day Brah X Hd
Britd
A X Brit'
Brah X IF1
Britd
2
4
12
4
8
M
M
M & F
M
M
Fl
—
F3
Fl
—
H
H
P
II & L
H & L
24
24
15
15
15
24
24
25
30
30
—
—
—
8 & 9
8 & 9
Diurnal Brah )< H"
Brit
2
4
M
M
Fl
—
H
H
26
26
26
26
5 & 6
5 & 6
Preclipping Brah X H
Brit'
1
2
M
M
Fl
—
H
H
31
31
31
31
—
Short term
nutrition
Brah >< Brit
A X Brit
2
2
M
M
F2
F2
P
P
27
27
29
29
7
7
Long term
nutrition
Brah X H'
Britd
4
8
M
M
Fl
—
H & L
H & L
15
15
30
30
2, 4, 8 & 9
2, 4, 8 & 9
Breed abbreviations: A = Africander,
sist of Herefords (H), or Hereford X Shorthorn crosses.
Brah = Brahman, Brit = British. British cattle may con-
b P = pasture, H = high quality diet (lucerne hay), L = low quality diet (native hay). The latter
diets were supplied to stalled animals.
The same animals were used in concurrent experiments.
d The same animals were used in concurrent experiments, and were part of the long term nutrition
periments were consequently carried out on two
consecutive days. The experimental facilities were
such, that the animals being sampled on the sec-
ond day, were aware that their counterparts had
been sampled the day before.(d) Diurnal effect. The well fed group of 6
steers used in the long term nutrition trial was
also involved in an experiment lasting 24 hours
during November 1965 (Table 5). Sampling was
carried out at 4 hourly intervals commencing and
terminating at 9 am. Biopsies were taken from the
back lumbar region from alternate sides, so that
any one side was sampled every 8 hours. Feeding
was permitted at the usual times of 8 a.m. and
4 p.m.
(e) Preclipping effect. Half the steers used in
the previous experiment were examined. Sam-
pling took place from a locus which had been
clipped monthly for the past 15 months, and from
an adjoining one which had not been clipped
group.
ND J F MAM J J
6465 6566 66
FIG. 1. Total monthly rainfall and mean
monthly maximum and minimum temperatures
for Roekhampton between November 1964 and
December 1966.
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previously. The biopsies were carried out on two
successive days in May 1966. On the first day the
right flank was sampled on all 3 animals from
both loci. On the second day, the process was re-
peated in the right shoulder region.(f) Short term nutrition effect. Another some-
what older group of 4 steers (Table 1) was starved
from 2 to 4 days, and the effect on skin slice
respiration examined (Table 7). The animals were
also studied just before starvation, or up to 3 days
earlier, as well as 12 to 14 days after starvation.
The animals were examined on two occasions in
1965, in March, and then again in May.(g) Long term nutritionol effect. The 12 ani-
mals used in this study (Table 1), were of 2 breeds
with stall feeding provided at 2 nutritional levels.
Each nutritional group (designated 'High' and
'Low') consisted of 4 British and 2 Brahman cross
steers. For sampling purposes animals were sub-
divided into two sub-groups of 6 (designated 'A'
and 'B'), where each consisted of 2 British and 1
Brahman cross steer on each diet. Altogether 16
four-weekly samples were collected from each ani-
mal (Tables 4 and 8). Sampling took place on two
consecutive days, with 6 animals of the one sub-
group (A or B) being handled on any one day.
Group A was always sampled first during the first
4 periods (Table 2), group B first during the sub-
sequent 4 periods, but during the final 8 periods
the two groups were alternated. Sites examined
were the belly and shoulder region on both sides
of each animal, with a sampling pattern designed
so that any one site was sampled only once every
16 weeks. During the first 8 periods of the ex-
periment, the region which was sampled on the
first day during one month, was then sampled on
the second day in the following month. During
the second half of the experiment, the shoulder
was always sampled on the first day, and the belly
on the second day.
Colculotions
The data in the long term nutrition experiment
were analyzed by the C.S.I.R.O. Canberra com-
puter (CDC 3600). Values quoted in the text and
figures are followed by the standard error of the
mean. Decimals were avoided by expressing the
oxygen uptakcs/hour in terms of g fresh weight,
and not per mg, as had been done previously (1).
KESULT5
The Effect of Age, Season and Sex
Sixteen observations on six grazing steers,
covering a two-year period are listed in Ta-
ble 3. There does not appear to be any ob-
vious trend with increasing age. Indeed, the
values in December 1966 are not significantly
different from those two years previously, al-
though the December 1965 value was very
significantly lower (P < 0.001) than the other
Day 1 2
Groupa... A B A B
51te1' Sh Be Sh Be 5h Be Sh Be
Period"
1
2
3
4
5
6
7
8
Ld
Rd
L
R
L
H
L
H
L
H
L
H
L
R
L
R
9
10
11
12
13
14
15
L
R
L
H
L
H
L
H
L
H
L
H
L
H
L
H
a Each group consisted of 1 Brahman >< Here-
ford and 2 British steers on a low quality diet,
and 1 Brahman X Hereford and 2 British steers
on a high quality diet.
b Abbreviations: Sh = shoulder, Be = belly.
Dates of sampling are given in Table 4. Periods
1--S and 9—16 were considered separately for ana-
lytical purposes, because of the different experi-
mental design.
d Abbreviations: L = left side, H = right side.
two December values. The mean winter lev-
els were significantly (P < 0.01) lower than
those recorded during other seasons.
Sixteen observations on twelve stalled steers
covering a 14 month period are given in Ta-
ble 4. The pattern here was very similar to
that observed with the grazing steers (Table 3).
The summer mean was significantly higher
(P < 0.001) than any of the other seasonal
means. Although the winter value tended to
be the lowest, it was not in fact statistically
different from that of the other two cooler
seasons. There was again no obvious trend with
age, although seasonal fluctuations might
have a masking effect.
The eight observations on six grazing heif-
TABLE 2
Sempling schedule in the long term
nutrition experiment
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TABLE 4
The effect of season on the respiration rates of skin
in the long term nntrition experiment on
stalled cattle
ers (Table 3) over a partly overlapping one-
year period are also listed. As before there
was no obvious trend with increasing age, al-
though the respiration rate was very signifi-
cantly lower (P < 0.001) at the end of the ex-
periment than at the beginning. The low Decem-
ber 1965 value resulted in a different seasonal
pattern to that found in steers (Table 3 and 4),
in that the summer value was lower than either
the spring (P < 0.01) or the autumn (P < .05)
level.
TABLE 3
The effect of age, seoson and sex on skin
respiration rates in grazing cattle
Year
1965
1966
Month
Feb
Mar
Apr
May
Jun
Jul
Aug
Sep
Sep
Oct
Nov
Dec
Jan
Feb
Mar
Apr
Period
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
Season
Summer
Autumn
Winter
Spring
Summer
Autumn
Mean
respiration
ratea
206
189
125
141
121
127
142
123
133
156
136
141
150
204
116
161
Heiters
Mean
respira- S.E.M.
lion ratea
S.E.M.
10
14
8
17
15
10
11
7
16
8
10
8
9
17
9
7
Year Month
1964 Dec
1965 Feb
Mar
May
Jun
Aug
Sep
Nov
Dcc
1966 Feb
Mar
May
Aug
Sep
Nov
Dec
Seasonal
means
Season
Summer
Autumn
Winter
Spring
Summer
Autumn
Winter
Spring
Summer
Summer
Autumn
Winter
Spring
means Summer 175' 7
Autumn 146 6
Winter 130 7
Mean
Spring 137 5
148 3
Steers
Mean
respira- S.E.M.
tion ratea
198 10
232 9
199 13
190 12
156 12
131 9
144 9
204 8
127 8
193 10
169 10
176 7
166 5
195 11
153 8
184 8
187 6
183 5
iSP 6
174 6
178b
212
137e
182
141
144
218
104
141
175
161
181
S
9
8
7
7
5
12
12
11
10
6
10
Sex means over com-
parable period
173 5 164 5
Overall mean 176 3 164 5
a Expressed as the mean value for twelve steers
sampled over a two-day period (Table 1) in jl
Os/g fresh weight/hour.
b Significantly higher (P < 0.001) than values
for other seasons.
The monthly mean respiration rates in
both the grazing and yarded steers (Table 3
and 4) were significantly (P < 0.05) related
to the average monthly (maximum or minimum)
temperatures (Fig. 1). The pasture conditions
evidently did not influence the respiration rates
directly, since no corresponding relation could
be found with the rainfall during the month im-
mediately preceding skin sampling.
Although the mean female skin respiration
rates (Table 3) tended to be lower than the cor-
responding male values, analysis of the overall
means of the six animals of both sexes (164
5 and 173 5) showed that these were not
statistically different over a comparable pe-
riod. The apparently significant sex differences
observed in February and May 1965, are ex-
plicable by the over-riding effect of skins sam-
a Expressed as the mean value for six steers or
heifers (Table 1) in pl Os/g fresh weight/hour.
b Significantly lower (P < 0.001) than corre-
sponding steer value.
Significantly lower (P < 0.01) than corre-
sponding steer value.
d Significantly lower (P < 0.01) than values for
other seasons.
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pled on the first of two sampling days, as dis-
cussed later.
Day to Day Effect
Mean respiration rates for 6 animals sam-
pled on each of 3 consecutive days were: 204
9, 182 8 and 223 7 1d O,/g fresh weight/
hour, while the means for individual animals
ranged from 181 13 to 233 12. An analy-
sis of variance revealed highly significant day
and animal differences, but no animal X day in-
teraction. Although a characteristic drop on
the second day of sampling was observed, there
appeared to be a complete recovery by the 3rd
day.
Observations made on the first of two con-
secutive days in the sex comparison experiment
had a mean of 175 5 d O,/g fresh weight/
hour. This was significantly higher (P < 0.05)
than those animals sampled on the second day
(163 2). As the sex examined first during
one month was subsequently examined second in
the following month, this effect did not invali-
date the conclusions reached.
In the long term nutrition experiment (Ta-
ble 8), observations made on the first day were
TABLE 5
Diurnal varialion in the respiration rates
of cattle skin slices
Sampling
time (hr)
0900
1300
1700
2100
0100
0500
0900
Mean
respiration rate°
333
126
194
133
119
96
148
n M•
14
13
9
8
8
13
9
Day
Night
200
11Gb
13
6
Post-fccd°
Other
225
118"
15
6
Overall mean 164 9
TABLE 6
The effect of the time of day at sampling on cattle
skin slice respiration tested by an analysis
of variance
Source of variation d.f. MS.
Times 6 77611°
Animals 5 3740
Animals X Times 30 17935°
Duplicates 42 4306
also higher than the corresponding values ob-
served on the second day. Results from this
experiment must however be considered to-
gether with other variants, and this is done
later.
Diurnal Variation
The results of a 24-hour experiment are
given in Table 5. Analysis of variance (Table
6) shows that there were highly significant ef-
fects due to the time of sampling and that there
was also a very strong animal x sampling time
interaction.
Further examination of results in Table 5
shows that observations recorded during day-
light hours or immediately after feeding, were
much higher (P < 0.001) than those observed
at other times. In keeping with earlier experi-
ence, the initially high respiration rate at
9 n.m. was not realized a day later.
Preclipping Effect
The respiration rates of skin pieces derived
from preclipped and normal skin areas were
227 11 and 216 6 [d O,/g fresh weight/
hour, but the difference was not statistically
significant.
Short Term Nutrition Effect
The results of this experiment are sum-
marized in Table 7. It is clear that starvation
caused a marked and highly significant (P <
0.001) drop in the respiration rate. The pre-
starvation level was subsequently fully re-
stored on feeding.
Long Term Nutrition Effect
The observed monthly means have already
been presented (Table 4), while the effects of
o < 0.001.
o Expressed as the mean value for six steers
(Table 1) in pl O,/g fresh weight/hour.
b Significantly lower (P < 0.001) than corre-
sponding day or post-feed value.
Representing the two 0900 hr and the 1700 hr
samples.
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TABLE 7
The effect of starvation on the respiration rate of
cattle skin slices
Nutritional Status
Pre-starvation
Starved (2—3 days)
Starved (3—4 days)
Post-starvation
Mean respiration
ratea
180
133
134
180
S.E.M.
9
12
14
12
Normal mean
Starved mean
180
134"
8
9
a Expressed as the mean value for four steers
(Table 1) sampled on 2 occasions in ,l 02/g fresh
weight/hour.
b Significantly lower (P <0.001) than the corre-
sponding normal value.
TABLE 8
Comparison of factors influencing respiration rates
of cattle skin slices in the long term
nutrition experiment
Variant
Day 1
Day 2
Mean respiration ratea
Periods 1—8 Periods 9—16
n'
96
96
Mean
180
114
A°
+66
n
96
96
Mean
153
146
A
+7"
High diet
Low diet
96
96
164
129
+35 96
96
154
145
+9
Brah X H
Brit
64
128
152
144
+8 64
128
159
145
+16
Belly
Shoulder
96
96
163
131
+32 96
96
146
153
7"
Overall
mean
192 147 192 149
Expressed in zl 02/g fresh weight/hour.
b Total number of observations, including
duplicates.
Expressed as the difference between the upper
and lower parameter. A + sign indicates that the
upper value is higher.
d Day and site are completely confounded dur-
ing periods 9—16, since the shoulder was always
sampled on day 1, and the belly always on day 2
(see Table 2).
TABLE 9
Main effects and significant first-order interactions
front analyses of variance of the tong term
nutrition experiment
Source of variation
Periods 1—8 Periods 9—16
d,f. M.S. d.f. MS.
Months
Days
Sites
Breeds
Nutrition
Days X Nutrition
Month X (Day, Site)
Blocks° >< Nutrition
Breed >< (Day, Site)
Error
7
1
1
1
1
1
—
—
—
38
12750"
103700'
24300"
2778
29950°
77006
-
—
1415
7
1
1
1
7
3
1
29
16300"
1950
87796
4650
36540"
10300b
1152
1370
Periods 9—16 were subdivided into 4 Blocks,
each of 2 periods for purposes of analysis.
b Very highly significant (P < 0.001), when
tested against the error mean square.
Very highly significant (P < 0.001), when
tested against the pooled Breeds >< Nutrition,
Breeds )< Groups, Breeds )< Nutrition >< Groups
mean square (d.f. 5, MS. 920).
d Significant (P < 0.05), when tested against
the error mean square.
other variants on skin respiration rates are
given in Table 8. The analyses of all these re-
sults is summarized in Table 9. The two halves
of the experiment, differing in design, are ana-
lyzed separately.
In both halves of the experiment, months
were partially confounded with interactions
between sites, days and groups, but it is con-
cluded that the simple effect of months was
responsible for the highly significant mean
squares. In the first half of the experiment,
values for the first day of sampling in each
period were strikingly higher than those for the
second day. The respiration rates of the belly
samples were also very significantly higher
than those for the shoulder. In the second half
of the experiment, day and site were com-
pletely confounded (Table 2), the low respiring
shoulder region being always sampled on day 1,
when the respiration rate was high, so that no
significant overall effect was observable. If it
is assumed that the same effect of site per-
sisted during periods 9—16, then a similar,
though reduced, day effect must also have per-
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sisted. Thus, there was a calculated difference of
39 pA 02/g fresh weight/hour in favor of day 1
during the second 8 periods, as against the ob-
served 66 in the first (Table 8).
Respiration rates were very significantly
higher in animals fed the high quality diet, than
those poorly fed in the first half of the experi-
ment. During the second half, this effect was
not significant, but the blocks >< nutrition (i.e.
pairs of months >< nutrition) interaction was.
This represents the same nutritional effect, dis-
turbed by the fact that a better quality diet
had to be temporarily substituted for the poor
quality diet during October and November
1965 (2).
Differences between breeds did not reach
significance in the first half of the experiment,
but during the latter half, the skin slices de-
rived from the Brabman crosses showed a sig-
nificantly higher respiration rate.
The days x nutrition interaction during pe-
riods 1—8 was due to the fact that the differ-
ence between days 1 and 2 was more pro-
nounced on the low quality diet (84 pA 02/g
fresh weight/hour), as against 48 on the good
feed.
DIscussIoN
Evidence for the variability of respiration
rates of skin slices taken from the same indi-
vidual was presented before (1). Results from
the present work have confirmed and extended
this view. It now appears that there arc nu-
tritional and diurnal effects, seasonal varia-
tions, as well as regional, and possibly psycho-
logical factors involved.
Although different tissues arc affected to dif-
ferent extents, starvation appears to depress
in vitro oxygen consumption in skin (Table 7)
in much the same way as in other tissues (3).
On supplying animals with a poor diet, skin
respiration is also lower than on a better diet
(Table 8). Similarly, oxygen consumption of
skin slices is reduced at times other than in the
immediate post-feed period (Table 5).
Diurnal variations in whole body metabolism
(3) arc well established. Parallel fluctuations in
the mitotic rate of the epidermis (4) have
been associated with changes in the available
glucose (5). It would seem then that the ob-
served diurnal variations (Table 5) are largely
governed by nutritional factors.
In two long term experiments on grazing
(Table 3) and stalled (Table 4) cattle, a sea-
sonal effect was clearly in evidence, with high
respiration rates in summer and lower rates in
winter. This result was not unexpected, since
coats have been shown to be sleeker in summer
than in winter (6), while skins carrying sleeker
coats also have higher respiration rates (1). In
the previous study, difficulty was experienced
in establishing a relationship between environ-
mental temperatures on the day of sampling,
and the observed respiration rates. The dura-
tion of the experiment may have been too short,
since the present studies, extending for 15—24
months (Table 1), were more rewarding, par-
ticularly if the mean monthly temperatures
(Fig. 1) were taken into account. The nature
of the coat might be expected to represent a
more reliable index of the mean monthly
temperatures, than of temperatures on the day
of sampling. It is of course possible that fac-
tors other than environmental temperature,
such as changes in the length of the day (7, 8),
could also be exerting an influence.
There was no clear-cut indication previously
(1) of regional differences, although regions of
least sweating (9) tended to be associated with
high respiration rates. It was felt that there
might be a better chance of showing up re-
gional differences, if a straight-out comparison
were made between regions of maximum and
minimum sweating capacity. The shoulder re-
gion represents an area where sweating is most
profuse (9), and here corresponding respiration
rates were lower (Table 8). Conversely, high
respiration rates were associated with the belly,
a region of low sweating capacity. The rela-
tionship between sweating and respiration rates
of skin is, however, clearly not as simple as
this. Thus, smooth-coated cattle have a higher
sweating capacity (10), as well as higher res-
piration rates (1), than woolly-coated cattle.
Preclipping too, is thought to increase sweat-
ing rates (Schlegcr, unpublished), whereas the
limited information available from this study
would indicate a tendency for the preclipped
areas to have higher respiration rates.
The breed effects have been fully explored
before (1), and although the small number of
animals in the long term nutrition experiment
(Table 1) precluded a significant breed effect
from being observed in the first 8 periods (Ta-
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ble 8), the trend was quite as expected. Sex
differences were generally non-significant (Ta-
ble 3), although heifers tended to have lower
respiration rates. Heifers have sleeker coats
(6), so that on this basis one might have ex-
pected them to have had higher respiration
rates than steers. The reason for this anoma-
lous finding is not clear, but it is perhaps
worth noting that the seasonal pattern in the
heifers also seemed to be abnormal.
One interesting feature, which was responsi-
ble for some of the difficulties encountered in
the long term nutrition experiment, was the dif-
ference between days (Table 8). A somewhat
similar situation also arose in the sex com-
parison experiment, although this did not give
rise to any complications. The explanation
favored is that there was some sort of psycho-
logical reaction in animals which were aware
that their counterparts had been skin-sampled
on the previous day, and which resulted in
there being a lower respiration rate in the
group sampled on the second occasion. Indica-
tions are that there is also a corresponding
reaction to sampling of the same animal on con-
secutive days, but this trend may not be main-
tained, if sampling is carried out on the third
day.
A variety of significant effects on skin res-
piration in vitro have now been observed. Some
of these (nutritional and diurnal effects) may
primarily reflect whole body metabolism. Other
effects such as regional differences clearly re-
flect specific effects of the skin, while breed,
day and seasonal differences could reflect both
local and overall metabolism. It is clear, that in
future studies in this field, meaningful results
will only be obtained, if much more attention
is paid to the defining and standardizing of
experimental conditions.
SUMMARY
1. In vitro respiration of cattle skin slices is
subject to diurnal and seasonal fluctuations.
Highest respiration rates were obtained during
daylight, after feeding and during summer
months. There is evidence that the respiration
rates are related to the monthly mean tem-
peratures.
2. Starvation or poor nutritional status de-
pressed the respiration rate relative to well fed
animals.
3. Skins from a region associated with high
sweating (shoulder) had a lower oxygen con-
sumption than those from the belly, with a low
sweating capacity. However, there are other in-
dications that there is no simple relationship
between sweating and skin respiration rates.
4. Skins from animals which were aware that
a related group of animals had been sampled
the day before, had lower respiration rates,
possibly for psychological reasons.
5. Sex differences were marginal, with skins
of heifers tending to have lower respiration
rates.
6. There was little indication of a change in
skin respiration with age.
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